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Abstract

This study used Mendelian randomization (MR) to analyze the association between several food-
borne pathogens and the Cluster of Differentiation 44 (CD44) antigen, a marker of gastrointestinal
cancer development and metastasis. The study obtained genome-wide association studies (GWAS)
data from Integrative Epidemiology Unit (IEU), FinnGen and UK Biobank and analyzed the correla-
tion mainly using statistical methods such as inverse-variance weighted (IVW). Sensitivity analyses
were also carried out to improve the reliability of the results. The results of the study showed that
Helicobacter pylori showed a significant positive correlation with CD44 antigen; Yersinia entero-
colitica showed a significant negative correlation with CD44 antigen; therefore, we judged that Hel-
icobacter pylori promotes cancer development and metastasis, and Yersinia enterocolitica inhibits
cancer cell development and metastasis. However, no significant correlation was found for the re-
maining bacterial species. Some foodborne pathogens, such as Helicobacter pylori, can promote the
metastasis of gastrointestinal cancers. However, others can inhibit the metastasis of cancer cells,
suggesting that there may be a more complex physiological mechanism involved.
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1. 531§

EIRMEEOR R SRR R B E N 2 —. $Ett R ARG, SYhE EE0RE S EERE 200
FUERR[L]o BTG G nl Be R AAE B AR AN [FERTT, Wi RMIE R . B4 InLAEdE. s
W IAE RN . RO BRI S5 WA R 7T B IE B fhis Je2] B W ok B
FE WAL Wi B B3] B UL B VR M BOW 40 B AL HE B ELINEE « /N 4 I HE R AR A
BV A A 2R B . WOITTIREE . KIATF B PR A . PROR AT T 55 4] IR LE2H B
ARETES WA B P HCHUR B, B, %L, BRIGIAFT BE e 7E A T8 1 PR 58 Hh A7 TG AR K B R] [5] -

B, G EE. 4 EWES, BOKRBNEEMEYE, REFEIT. B HiEEE S
FEAH AT U] 28% [6], A2 BROCIE M B AR IR R, 5 W T8 e ik (1) K J@ 52 22 A Rl R I sl [ 7] e
LU B I iE il B 2 Fhai e, EATI3ERIERL T — AN EYIERE[8], A T RERRAE I A AR T P A 2
AR s FIAE F o

PUE AL #% 44 (cluster of differentiation, CD44) & H HILAE 4N ) CD (4 Li%) 2 —. CDA44 j&—Hf
KBRS S 1, 752 FhRIE 20 A . Ibk E 440 R i e S 70 g At i o 3 P 3R IR [9] . CD44 DL S &R AL AR B
Ji T8 JeE i PPt B Rk, 4 ) B9 B RN S 72 [10]-[12] - 384G VR 22 Hofbric 5 B il e i 55 VA ¢,
711 CD10. CD133 [13] [14].

IR f 8 /R B ML A (Mendelian randomization, MR) & J&E CL A, (HIE A RKERBIRAT[15]. W4, WA
R GWAS %4 2 F1 SNPs /58 T HAR & . MR J&— MR UFI 751k, S2IRRF RN, A,
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2. M5 %
2.1. AW

ARHF TR FRAEA MR PP 2 M IR S0 A CD44 HUR ARG . fEARR i, FRATHE Bt
BUR AR R e B, BB WIE AR AR R ML AL 2 1) CDA4 FUR BR A N4 R . R g m A
SERBHE R A A F IR TR . Segs et A B WL 1.
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Figure 1. Experimental design and hypothesis: to investigate the impact of cancer metastasis using SNPs associated
with gastrointestinal pathogenic bacterial infections and the tumour marker CD44
1 SEERIHRERIR: FIASEMEBRERRFMMEFRICY) CD44 18X SNPs ST EAERE S

N e G o Confounders

2.2. BiERIR

U5 M B0UW W RIEE K B IEU GWAS %45 /% . UK Biobank 1 FinnGen %4 /% . UK Biobank /& —
MTRE SRR A R 25 B, o Qg S [H AW e 50 5 44 &R B MR AR o 5O JIEFI K i 43 4 LA &
FER##E . FinnGen B34 1 25 222 50 73 NP BEDR 2 4 AR 2245 2., AR L T
PRI FE 12 W AT T ) £ s [18] - 1BV (3¢ [ B2 5K F B 2 £8 -5 AT i A1) 72 — > 2 S BHE 7 e,
P 2 [ A BT AR K25 N [19] 0 03 12 W7 5 AF I 14D 44 1 J86 % (a4 o 28 7 48 ) BT A8 A7 7 A 5 Ji Ak
FIPUAARAE AUCER B HE - CD44 BRI K [ Sun 25 A 7E 2018 SR 12 T 5 (A F/K T 1) GWAS -
SAHRE[20].

AT FTUSCEE I 32 2R G0 1 B3 3301 MR A AN 10,534,735 41~ SNPs o £ RIS EE IR R X 1) A
AX A 72 GWAS HURIILT) SNPs SESSER I RIS AHSE, FR AT REHERR BT 7. FIRFERI
5T ) UK Biobank (http://www.ukbiobank.ac.uk/). 1EU 4=ER3E K4 04 F (https://gwas.mrcieu.ac.uk/) fl
FinnGen %4 & (https://r9.finngen.fi) 3515 . & 1 I T AR P HMREREZGE L.
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Table 1. Exposure factors and information sources utilized in this study

F* 1 AAREANRERRNEIE

Bacteria type GWAS ID Sample size NO. of SNPs Population
Helicobacter pylori ieu-b-4905 4683 7,247,045 European
V. cholera ABl1 CHOLERA 16,427 16,380,389 European
Campylobacter jejuni AB1 CAMPYLOENTERITIS 6934 16,380,461 European
Listeria monocytogenes AB1_LISTERIOSIS 1333 20,169,216 European
Salmonella spp. AB1_SALMONELLA_OTH 12,276 16,380,388 European
Shigella spp. AB1 _SHIGELLOSIS 973 20,169,326 European
Yersinia enterocolitica YERSINIAENTERI 1504 20,170,112 European
Staphylococccus aureus ukb-b-4423 463,010 9,851,867 European

23. TREE®EF

TEAREFLH, AR B FinnGen MR EAT 115 2 F5 8 3 W35 14 (p < 5 x 1078)FH O 1) T H AR & il i
o N — BRI (p <5 x 10 8) AT e P HOIRTF 1) SNPs BE A 2, TiRAT R 2. WEBIE
(R? < 0.1, clumping distance = 5000 kb)A BT~ 2: BRI AE R IEBIA T4 (LD) . FRATX K H UK Biobank ]
BTtk T 5REREEp <5 x 108)M T AT, #ERMER? < 0.0001, clumping distance =
80,000 kb). ™ H 52 MA 25 SR AR 7t A

2.4. Gt

TATR T FF7 I MEE R TR MR s I oM %k X R OERAR Y. 875 Z AL
(Inverse-variance weighting, IVW)56 « AL 721 Weighted median. MR Egger. Simple mode il Weighted
mode. FATIELAEF MR Egger A1 IVW 7341 1 S, FE48 B Egger_intercept J77% 041 1 /K2 %601 &
TEIRBENA TR =AM (1) BN S RER R GG (2) HERIRAMER:. TR R FER)A B
[z B FE R 2R LAAMIZE S (3) MurtEfik: T HARSHEAFETLR, NS5 AR A[21].

IVW B A5 2 BB RN . B IVW BRI 5= AR 22k [22], BIRATE A FR I
JEPTREHERR T 2R AEAE. T IVW 52 TR HAEIF—80E, PRI &R 32 2
WA o B 50 25 FOKs S A FE R RS R /)N beta F4 S L LE(OR) R » AR 4f beta {E AR 2 (SD) HH 5L EAS X (7]
p E/NT 0.05 MR ZR . BT SFEEAR MR 848 H 4.3.3 it R i “TwoSampleMR” #4447

3. &R
31. TRTE

ARG AL A SNPs S AHK . AR B 1Y) LR AS S A FRAL R . 19156 25 BRI 5C SNP.
3.2. RFEMEBUREMNEHERERBIRSYEXMY

PR IR JFAR AT ARE A MR 4347, B S B iE e i R hn SR Gk . AT g & 2
FiRe fEIZ45 R, OR AT 1 RRIEAMK, OR /M 1L RRMMIK. ORMES 1 MZEMA, FRK
MiRGE. E IVW BRI, gl 2UiE AT i (Helicobacter pylori) 5 CD44 7t & £ i 2 IEAH 2% (OR = 1.156 (95%
BSXE[CI]=1.051~1.27), p{E =0.003); IVW % (OR =0.972 (95% & {5 [X [8][C1] = 0.948~0.996), p fH
=0.022) F A 437 £ B 74 (OR = 0.958 (95% B {7 [X [H][CI] = 0.927~0.991), p f& =0.012)FKBH/MZHHL /R AR K
B (Yersinia enterocolitica) f1 CD44 HLJi 2 [ A7 7E i 35 1) SAH OC o FoAth JLRP A B 08 JLRR 7323, JE32 IVW
BRY, JERA RN RS CDA4 HUR AHICHE . [RItk, WA TS ERT B4 vT B 2> ek B Wi Jae i (1) R S N6 2
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KA A&

1 AN 5 2 2 R ) S AN RO S R, JCAL AN O
PRI AR . [ 3 BUSHE M4 otk — AR TS RINFT SR 638/ g
SNP i, 45K T E SN T ER 4.

)T T — 0080, .. MeMOl. . . on s s s sems s S SR SR SR S e QR(95%CN) . _ ... p value
i 1.012 (0.798-1.282) 0.924
Weighted median - 1.15 (0.998-1.: 323) 0.053
Helicobacter pylori 20 Inverse variance weighted * 1.156 (1.051-1.27) 0.003
Simple mode # 1.249 (0.947-1.648) 0.132
Weighted mode - 1.263 (0.93-1.715) 0.151
MR Egger i* 1.012 (0.968-1.058) 0.609
Weighted median * 1.015 (0.977-1.055) 0.43
V.cholera 112 Inverse variance weighted is 1.019 (0.993- 1 046) 0.151
Simple mode 1.005 (0.925-1.092) 0.904
Weighted mode 1.002 (0.954-1.052)  0.933
MR Egger o 1.033 (0.981-1.088) 0.221
Weighted median - 1.017 (0.981-1.055) 0.348
Campylobacter jejuni 61 Inverse variance weighted * 1.017 (0.991-1.043) 0.205
Simple mode ¥ 0.978 (0.904-1.057) 0.573
Weighted mode * 1.023 (0.956-1.095) 0.514
MR Egger . o 985 (0.928-1.046)  0.625
Weighted median | 992 (0.962-1.024) 0.623
Listeria monocytogenes 29 Inverse variance weighted 0 998 (0.977-1.021) 0.891
Simple mode + 0.984 (0.929-1.042) 0.581
Weighted mode - 0.98 (0.928-1.034) 0.466
MR Egger 0.994 (0.948-1.042)  0.801
Weighted median 0.994 (0.958-1.033) 0.774
Salmonella spp. 79 Inverse variance weighted | 0.983 (0. 958 1.008) 0.186
Simple mode 1(0.914-1.094) 0.997
Weighted mode > 1.017 (0.958-1.08) 0.584
MR Egger . 1.026 (0.988-1.066)  0.197
Weighted median " 1.015 (0.988-1.043) 0.278
Shigella spp. 22 Inverse variance weighted 1.003 (0.984-1.023) 0.742
Simple mode > 1.017 (0.971-1.064) 0.487
Weighted mode - 1.021 (0.979-1.064) 0.343
MR Egger . 0.969 (0.917-1.025)  0.289
Weighted median + 0.958 (0.927-0.991) 0.012
Yersinia enterocolitica 17 Inverse variance weighted > 0.972 (0.948-0.996) 0.022
Simple mode . 0.953 (0.899-1.01)  0.127
Weighted mode * 0.95 (0.902-1) 0.068
MR Egger o 1.011(0.99-1.032)  0.302
Weighted median 1.002 (0.988-1.017) 0.788
Staphylococccus aureus 126 Inverse variance weighted 1.004 (0.994-1.014) 0.396
Simple mode | 0.986 (0.946-1.028) 0.513
Weighted mode 1.003 (0.962-1.044) 0.902
I T T T 1

Figure 2. Five statistical methods for assessing the association between eight bacteria
and CD44. Note: Cl, confidence interval; OR, odds ratio

B 2. Afbgits AN \MEES CD44 BX R, F: Cl, BISX[E; OR, Lt
(=17

Campylobacter]ejunl

Salmonella Shigella spp. Yersinia Staphylococccus aureus

Figure 3. Sensitivity analysis of eight foodborne pathogenic bacteria to markers of gastrointestinal cancer metastasis (leave-
one-out). (A) V. cholera; (B) Campylobacter jejuni; (C) Helicobacter pylori; (D) Listeria monocytogenes; (E) Salmonella spp.;
(F) Shigella spp.; (G) Yersinia enterocolitica; (H) Staphylococccus aureus

E 3. /\#MEIREBREN BEREE BTSSRI (B—E). (A) BEELINE; (B) =MEHAE; (C) B MRREM
B; (D) BMpEEFE; ) WIKER; F) SERER; G) MIEMRERRKRE; (H) eREAEKE
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4. ¥W1ig

AR A P B AEAE ot 8 A i i sl 7 A B e sl ) B2 (0 S [23] o Rl Airid, B M e i PRI 92 2
AN, HiFERFEZRAZ, IS ICRZ A%, Jeai st iR, B g
R AT REAT Bh e i (1 60028 SBE[24] o Y0 1T BT AT 5 5 it A P e e A S e 3, AT R 3R 5 22 1)
RIE[25]. MeAh, Wl TRRBERF B IR SE S B 2 UIAHOC[26] . BARIEIE 6 7% 2 5 BURRE A DG B0 T 1) 2
JER, AH5FER VEREREAR LG, i e A M TRps e T B APkt . B TRER R — 2 DA & £
HLB BRI FE[27], Bk, RARTEEXHRIEH R AT — D AT 7 . /R B 775 T
BORR R I F AR BEALZ 8 G T I DR SR DG & il R L At AR B PR VR AR BN . X R VA R T R B
& e 2 S TR AE LA 2 R DG &R . SR, 76 B AT MR BFFC A, IR e e A I R T A .
BRI, AT 50 R FH 5 98 RE A A G bR 800 A DG BRI 34T T SR 9

FEIX IR 7T, FRATIR AN — 25 19 o FRATTA I A 1 TR e FF 581 RN/l 45 i 6 B JR R I 5 CD44 it
JE PR IEA R AR . D RAT I T B R A0 18 T e 5 R T R, IR R S ARG . LRk
U, W TIBHEAT 1 2 (g R (P AN L RS, /I i 2 P TS 20K A B 1 T T 3 ek A= A AT Lt BELAS g 114 7
PRANEFERS[28] [29]. LRI SR B, Wl 1B AT 1T A2 15 e R B e 55 15 W i 119 3 800 IR 22 [30]
ST w1 VAR AT R (2 32 S i e R SR RN RS ML, G VR 2 A AL e | TR AT 1 B T B
E-RhiZE R F B A 3 1 K [31].

SR1MT, Xt CDA4 HiJR 2 1056 R FIIEREIE7E H A gD o X F/Nm st Bl /R A BB Rt SERRA EALH]
AR A T B s, N 4 I R R AR ICH I S AN el | B AT E E . IR IR ST 4 R R
B, /N 45 B S R AR B T B e R BRI . Bl R B — 1 SCR M, NS R R #x I
A REAE 45 B A A T (W R R [32], TR, 5 40 B A G (14 i e A A 8 8 P REFEJRE VR 7 R4S 2R . el
T2 B A TR ) R R A AR IR R v B S, TR - & A ST AT T B RO B 411331
B A B BT e AR AT TE . JEA NIk, AT TN A5 B H /R AR BT RS B s R0 R AN
IRFFC. R, ASHE AR R 73X 40— 225 (1. {5 B TS 75 BT AR O A Bk SR 7%

A S IR BOW B T S BERPEE ELI T S B S T B R AT R 9 [34], B ELINE Shric 2
B A, WAV T 2R SRERI SR SR, 7 GL T 3 O 0l UE ST ) 22 Ffei 1 A 4 9
P AN T, EAELE I [35 RIE[36], [N I v B AR AR M AR . T A 4 N 1
MgnE, E5ICHEE. S a1 R A KA B CAOIE S K 1 n] B8 A2 3k 40 i i A4 K
[25] [37], {EAESERE L A ST B = E— 2B I 7T B2, FEART A4 SRR b, I8 75 Bt — B IR 7

PAAE ) MR BFF 5000 215 DL R BRI R A4 3. i T Ieb] 9 GWAS B 7T 8= 5 7K 1, I
PR T B PR . TR, R RIS T E O . BEARAWE SR L CD44 HiJs bric i
NIERE B ARG AR &, (A TRE S I NFSMR AR R AIR 2 . b4, CD44 BLlRA ZFAL, TE45H
TGS EAFAE— 2 22 57, T e r= A= A R (R 52 e o gk B Wi e i 17 5, £ 825 CD44v 18451 5X[38].
EAHIE FE 3 FH (1) GWAS i - R 7y 2. 4k e oe M Q8 T REA B TaAT SEIR AN IIRE5C. 3 — 07
i, {ERNFEERENREYIF CDA4 HURMI D TIHA G —Fh, Bk, AW IFARE 764 I MU 7E B S 5 2
PE. Ak, CD44 5V 2 JiE A A= B3Ik F2 (28 5 A0 7L s ) #1046 DR BC[39] [40]. Rtk Gn R 5 HoAth 5 A
BRI AR O EATAS BRI, S5 SRSl 5E. 55— 51, MR ZESZBR B I AR 52 e 454 iR
W RECRERSEIHEREERFEE, HRETEA TR AT XF 7 2EGR TS ikt —52
SE3E . ARMITE AR AL & 2 B 757, Woe/ it AWME BRI ERESEE, T e 415 H S RE A
EVRANMSE R AR AR T B e R AR 1 — AN T, AR AE F A s Ak — 25
WHFesett T HER A . B, ARFRON R RN REFB A 2. 6G AP SRR A R . A
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BRI A%

W T FE R NFE BN, G518 AT BEANIE FH AR T S5 LAt 1 X AR

B2, AERIGUEN NS ML AN R AE 731 B AT BE PEREIL AR o, JRAT 1A B TR BT 8 i E B e (e dt 15
P Jee RE 1A A FE AT T /I i 45 o IS 7% 0 G ) e M P EL A ) PR 4 P o (ELAC A E 90 2 1 L At 40 1
A W A

E&WE

B X H AR AL 5 42(81802082); ilgTh “BEAiHi 2" HHEEFAAEFREIL - RHEFEESAS
2%(2019016); _EiETT E ARl AR S Bl TR AT 50111 (21ZR1441500) .
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